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2We do not require that the scattering matrix is uni-
tary, so our results remain valid if the objects absorb
part of the incident radiation. What is neglected is the
thermal radiation, either from the two objects or from
the electromagnetic environment of the detectors. This
thermal noise is insignicant at room temperature and
optical frequencies.
The radiation incident on the two objects is in a known,
partially entangled state and we wish to determine the
degree of entanglement of the detected radiation. It is
convenient to use a matrix notation. The incident two-














































= 1, with \Tr"
the trace of a matrix.




of object i =















The transmitted two-photon state j	
out
































(The superscript \t" denotes the transpose of a matrix.)
We quantify the degree of entanglement in terms of
the Clauser-Horne-Shimony-Holt parameter S [9], which
measures the maximum violation of Bell's inequality and
was used in the experiment [1]. This parameter can be
obtained from a decomposition of j	i into a superposi-
tion of a fully entangled state (with weight
p
P ) and a










with \Det" the determinant and 0  P  1. (The con-
currence [12] is identical to P .) A fully entangled state
has P = 1, S = 2
p
2, while a factorized state has P = 0,






2, or any state derived from it by a
local unitary transformation (A ! UAV with U; V ar-





j of the incident state is given and we





transmitted state. We are particularly interested in the
largest P
out
that can be reached by applying local uni-
tary transformations to the incident state. This would
correspond to the experimental situation that the polar-
izations of the two incoming photons are rotated inde-
pendently, in order to maximize the violation of Bell's
inequality of the detected photon pair.
Before proceeding with the calculation we introduce





































The matrices of eigenvectors U; V are unitary and the
transmission eigenvalues T
i
are real numbers between





for each i = 1; 2. We will see that the maximal entangle-







This parametrization therefore extracts the two signi-




out of eight complex transmis-




















































































). These numbers can be varied by local uni-
tary transformations, so later on we will want to choose
values which maximize the detected entanglement.
With these parametrizations a calculation of the de-
terminant of A
out



























































































we should choose  = 0.
We rst analyze this expression for the case of a fully
entangled incident state, as in the experiment [1]. For
P
in










































 1 and jaj 
1
4
we conclude that the degree of




































can always be reached by a proper
choice of the (fully entangled) incident state, so the max-























is plotted in Fig. 1.



























there are no \which-way" labels
and entanglement fully survives with no degradation.




from unity only reduce the
























So for a small reduction of the entanglement one can
tolerate a large mismatch of the transmission probabil-
ities. In particular, the experimental result S = 2:71
for plasmon-assisted entanglement transfer [1] can be

















= 0:9 (vertically shaded), in accordance with
Eq. (16).
Turning now to the more general case of a partially
entangled incident state, we ask the following question:
Is it possible to achieve P
out
= 1 even if P
in
< 1? In
other words, can one detect a 2
p
2 violation of Bell's
inequality after transmission even if the original state
was only partially entangled? Examination of Eq. (9)































lie in a strip that is open
at one end, see Fig. 2. The boundaries are reached at
juj = jvj =
1
2
. The region inside the strip is reached by
choosing both juj and jvj < 1=2. For P
in
= 1 the strip




, in agreement with Eq.
(13).
The possibility to achieve P
out
= 1 for P
in
< 1 is
an example of distillation of entanglement [3, 4]. (See
Ref. [13, 14, 15, 16] for other experimental schemes
proposed recently; none has yet been realized.) As
it should, no entanglement is created in this opera-
tion. Out of N incoming photon-pairs with entangle-
ment P
in





















In conclusion, we have shown that optical entangle-
ment transfer and distillation through a pair of lin-





polarization-dependent transmission probabilities. For
fully entangled incident radiation, the maximal violation
of Bell's inequality at the detectors is given by a func-









= 1. Distillation of a fully entangled
Bell pair out of partially entangled incident radiation is





satisfy the two inequalities (16).
Our results provide a simple way to describe the ex-
periment [1] on plasmon-assisted entanglement transfer,
in terms of two separately measurable parameters. By
changing the square array of holes used in Ref. [1] into a
rectangular array (or, equivalently, by tilting the square
array relative to the incident beam), one can move away




= 1 and search for the en-
tanglement distillation predicted here. The possibility
to extract Bell pairs by manipulating surface plasmons
may have interesting applications in quantum informa-
tion processing.
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